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  CHAPTER 3
 
 
MATERIALS AND METHODS 
 
 
This chapter discusses in detail the research methodology, which comprise of 
various methods and materials being employed in the present research. The steps include 
the synthesis and fabrication of nanofibers and porous freeze-dried scaffolds, the tools and 
techniques used for the characterization of the material, the procedures involved in the cell-
culture experiment, and the techniques used to measure cell proliferation on the scaffolds.  
 
3.1 RESEARCH METHODOLOGY 
 
Flowchart 3.1 pointed out the research methodology being practiced in this work. 
The materials were synthesized by electrospinning and freeze-drying techniques using 
aqueous polymeric solution; the parameters for both techniques were optimized to obtain 
fibers in nanoscale and highly porous freeze-dried scaffolds. The scaffolds were further 
characterized based on their physical, chemical, thermal and mechanical properties. All 
scaffolds underwent cell culture studies to check their cell responses and compatibility 
along incubation periods. The techniques used for synthesis, fabrication, characterization, 
and testing are further discussed in this chapter. 
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Figure 3.1: Summary of research methodology implemented in this work 
 
3.2 MATERIALS PREPARATION 
   
All materials used in this work are commercially available. Hydroxyethyl cellulose 
(CAS number: 9004-62-0) was purchased from Merck-Schucardt, Germany. Hydroxyethyl 
cellulose (Mw = 250,000) and silver nitrate (AgNO3) were purchased from Sigma-Aldrich, 
USA. Poly (vinyl) alcohol (Mw = 95,000) was purchased from ACROS, New Jersey, USA. 
Collagen type I, liquid rat tendon excised from tail (0.02N acetic acid, pH 3.67) was 
purchased from Merck-Millipore Corporation, Billerica, MA, USA. Analytical reagent 
grade glutaraldehyde (GA) solution (25% aqueous solution) was purchased from Merck-
Schucardt, Germany. Phosphoric acid was purchased from Merck.KGaA-Darmstadt, 
Germany. Acetone was purchased from R&M Marketing, Essex, UK. Phosphate buffer 
saline (PBS) was purchased from Gibco Life Technologies, USA. Dulbecco’s Modified 
Eagle Medium (DMEM) was purchased from Life Technologies, USA. All the chemicals 
were of highest purity and used without further purification. All the solutions were 
prepared using Millipore water. 
 
Preparation of aqueous polymeric solution 
Fabrication of scaffolds using electrospinning and 
freeze-drying technique 
Characterization of all scaffolds involved (SEM, 
ATR-FTIR, TGA, DSC, UTM)  
Cell culture studies of all materials involved 
(SEM, MTS/MTT assay) 
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3.3 PREPARATION OF ELECTROSPINNING AQUEOUS POLYMERIC 
SOLUTIONS 
 
Biomaterial scaffolds with a large amount of water diffused in three dimensional 
polymeric networks are highly needed in biomedical and health applications (Deligkaris et 
al., 2010). Many water soluble synthetic polymers such as poly (vinyl) alcohol (PVA) 
(Zhou et al., 2010), poly (vinyl pyrolidone) (PVP) (Elashmawi and Abdel Baieth, 2012 and 
Shi et al., 2014) and poly ethylene glycol (PEG) (El-Ghalbzouri et al., 2004) are combined 
with natural polymers to improve cell-recognition moieties, mechanical properties and high 
processability (Arya et al., 2009). Combination of natural polymer with synthetic polymers 
like PVA, a biodegradable, non-toxic and non-carcinogenic hydrogel, improves the 
spinnability and mechanical properties such as elasticity and elongation (Mansur and 
Mansur, 2007). In addition, blending of synthetic and natural biopolymers from three or 
more components reveal tremendous results in cell-scaffold behaviour (Sionkowska, 2011). 
In this research, HEC was blended with PVA and collagen to improve their spinnability as 
well as the cell response towards skin cells. 
 
3.3.1 Synthesis of HEC/PVA and HEC/PVA/collagen nanofibers scaffolds 
 
The HEC solution with a concentration of 5 wt% was prepared by dissolving 5 g of 
HEC powder in 100 ml of Millipore water for 2 h at room temperature until a clear solution 
was obtained with a slight increase in viscosity. PVA solution of 15 wt% was prepared by 
dissolving 15 g of PVA granules in 100 ml of Millipore water and stirring at 80 °C for 2 h. 
Both solutions were stirred continuously for 12 h at room temperature to ensure complete 
mixing and eventually obtain a homogeneous solution. HEC was then blended in PVA 
solution with 3 different weight ratios of HEC/PVA, which are 50:50, 40:60 and 30:70 and 
stirred overnight to get a homogeneous mixture for electrospinning. The HEC/PVA (50:50) 
blended aqueous polymeric solution is shown in Figure 3.2. For ternary blend system, 
collagen solution with concentration of 0.38 % was added into the HEC/PVA solution in 
the ratio of 1:1:1 and stirred continuously to get homogenous blend solution. 
